The present study investigated the effect of visual selective attention upon neural processing within functionally specialized regions of the human extrastriate visual cortex. Field potentials were recorded directly from the inferior surface of the temporal lobes in subjects with epilepsy. The experimental task required subjects to focus attention on words from one of two competing texts. Words were presented individually and foveally. Texts were interleaved randomly and were distinguishable on the basis of word colour. Focal field potentials were evoked by words in the posterior part of the fusiform gyrus. Selective attention strongly modulated long-latency potentials evoked by
Introduction
The brain is capable of shifting the focus of attention selectively and dynamically based upon what is relevant to the organism. Behavioural studies indicate that objects that are the focus of attention are better perceived and discriminated (Posner, 1980) . Studies of patients with focal brain lesions and non-human primates have indicated that regions within the parietal, frontal and cingulate cortices form a cortical network that controls the direction of attention in space (Mesulam, 1990) . PET (Corbetta et al., 1993; Nobre et al., 1997) and functional MRI (fMRI) (Gitelman et al., 1996; Nobre et al., 1996) have confirmed the basic architecture for the visuospatial attention system. However, basic issues remain regarding how the attention network modulates stimulus processing. In this study we examined the effect of selective attention to colour and words upon brain activity within regions of the human visual cortex specialized for processing objects and words.
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words. The attention effect co-localized with word-related potentials in the posterior fusiform gyrus, and was independent of stimulus colour. The results demonstrated that stimuli receive differential processing within specialized regions of the extrastriate cortex as a function of attention. The late onset of the attention effect and its co-localization with letter string-related potentials but not with colour-related potentials recorded from nearby regions of the fusiform gyrus suggest that the attention effect is due to top-down influences from downstream regions involved in word processing.
Functional specialization of human extrastriate cortex
Studies of primates (Felleman and Van Essen, 1991) and humans with brain lesions (Mesulam, 1994) have shown that the transduction of the external visual world involves many functionally specialized brain regions. These regions have been shown to cluster along two main stimulus-processing streams. One stream includes visual regions situated more dorsally, and is concerned with the position or motion of objects in space. In contrast, a ventral stream contains regions specialized for object recognition (Ungerleider and Mishkin, 1982; Ungerleider, 1995) . Neuroimaging methods have greatly facilitated the localization of functionally specialized visual cortical regions in humans. PET and fMRI have identified areas contributing to the perception of simple features, such as colour (Lueck et al., 1989) and motion (Watson et al, 1993; Tootell et al., 1995) , and to the perception of complex objects and faces (Malach et al., 1995; Puce et al., 1995 Puce et al., , 1996 Kanwisher et al., 1997) . Recordings of event-related potentials (ERPs) directly from the cortical surface have characterized the functional and temporal dynamics of visual areas within the ventral visual stream (Allison et al., 1994a, b) . Of particular interest to this report was the description of areas specialized for processing colour and letter strings in the inferior temporal lobe. Colour-sensitive potentials were recorded at 200-300 ms from the posterior part of the lingual and fusiform gyri (Allison et al., 1993) . Potentials evoked by letter strings, but not by other salient or meaningful visual stimuli, were recorded at 150-200 ms (N200) from the posterior fusiform gyrus laterally to colour-sensitive potentials .
Modulation of visual processing by attention
Single-cell recordings in monkeys have shown that the firing patterns of visual extrastriate neurons are sensitive to the task-relevance of the stimulus. For example, there is a dynamic expansion or contraction of receptive fields in cells in area V4 and the inferior temporal cortex during presentation of attended or ignored stimuli (Braitman, 1984; Moran and Desimone, 1985; Chelazzi et al., 1993; Treue and Maunsell, 1996) .
ERP studies in humans have also suggested that visuospatial attention can modulate processing in the extrastriate cortex. ERPs evoked by visual stimuli diverge at an early latency depending on whether the stimulus appears within the relevant or irrelevant location in tasks involving sustained attention and competing sources of stimuli (VanVoorhis and Hillyard, 1977) or tasks involving shifts of attention directed by cueing stimuli (Mangun and Hillyard, 1987, 1990; Anllo-Vento, 1995) . In addition, ERPs linked to semantic processing are also significantly modulated by selective attention when word stimuli are used Bentin et al., 1995) .
The ability of non-spatial visual features to direct attention has been less well explored. A few PET studies have demonstrated that blood flow in selective extrastriate regions is increased when attention is focused upon the relevant visual feature (Corbetta et al, 1991; Haxby et al., 1991) . ERP correlates of non-spatial selective attention have also been described, but these have typically been contingent on prior selection of the relevant location (e.g. Harter and Guido, 1980; Harter and Aine, 1984; Hillyard and Munte, 1984; Kenemans et al., 1993; Anllo-Vento, 1995) . The neural generators of these non-spatial attention effects cannot be deduced from the scalp recordings to date, but have been proposed to reflect facilitation of feature-specific channels (Harter and Aine, 1984; Aine and Harter, 1986) . In the present study, the ability of non-spatial attention to modulate functionally selective areas of the visual cortex was examined directly with intracranial ERPs. Stimuli in a sustained selective attention task were distinguishable on the basis of colour and of higher-order language-related attributes. The task addressed the ability of these perceptual and cognitive cues to direct attention, and to modulate processing within visual extrastriate areas.
Method Subjects
Nineteen individuals with electrodes placed on the posterior inferior surface of the temporal lobe participated. All were patients of the Yale-West Haven Veterans Administration Medical Center epilepsy-surgery programme and had medically intractable epilepsy. Electrodes were implanted to locate the seizure focus in order to evaluate the option of neurosurgery. Experimental recordings were obtained concurrently with clinical monitoring 3-14 days after implant surgery. The protocols used were approved by the Yale and Veterans Administration Medical Center Human Investigations Committees. Informed consent was obtained. Subjects volunteered to participate and understood the experimental nature of the task.
Subjects were nine women and 10 men, and averaged 31 years of age (range 19-44 years). Their verbal IQ averaged 91 (range 75-124) and performance IQ averaged 96 (range 79-123). Most of the subjects studied were right handed (15/19). Left-handedness is noted in relevant figure legends. Results from the amobarbital test, which assesses hemispheric dominance for language and memory (reviewed by Sass et al., 1991) , showed that the left hemisphere was dominant for language in 18 cases. In one case the right hemisphere was dominant. Information regarding the side of temporal lobe neurosurgery was available in 15 cases. Seven of the 15 resections were in the left hemisphere and eight were in the right hemisphere.
Experimental task
The experimental task is illustrated in Fig. 1 . Subjects were presented with two randomly intermixed texts, in either red or green words. Words appeared briefly (100 ms duration) and singly in the centre of a computer monitor at a rapid pace (500-700 ms stimulus onset asynchrony). The monitor was placed~70 cm from the subject, and the average word (five letters) subtended 2.1°horizontally.
Texts were selected from books and periodicals targeted to the sixth-grade reading level, and contained 250-350 words. Pairs of texts with similar word length were randomly intermixed. Word order within each text was maintained, and randomization was constrained so that no more than three successive words came from a given text. Twenty text combinations were formed from 40 texts. Subjects were typically tested with five combinations of text. One combination was presented for practice and four combinations were used during data collection. The texts used and the text colour to be read within each pairing were randomized across subjects. Words appeared briefly (100 ms exposure) at a rapid pace (500-700 ms stimulus onset asynchrony). Words from the contributing tasks were interleaved randomly. Word order within each text was maintained and no more than three words from either text appeared in direct succession. The words from each text were discriminable on the basis of colour. Words from one text were presented in red letters and words from the other were presented in green letters. Subjects read silently one of the texts for comprehension. Texts narrated stories or discussed issues. Performance was assessed by multiple-choice questions. Correct answers depended on reading texts.
The selective attention demands in this task had been validated in behavioural studies using normal volunteers in a previous study (Nobre, 1993) . Normal subjects were significantly more accurate in answering questions pertaining to tasks under selective attention conditions than in conditions in which they were required to divide their attention and read both texts simultaneously. Recordings from scalp electrodes revealed that the ERPs elicited by identical physical stimuli differed as a function of the focus of attention. Equivalent results were obtained when texts and questions were selected from standardized college entrance scholastic tests or periodicals targeted towards the sixth-grade reading level.
Colour information and text cohesiveness were both found to contribute to the behavioural and ERP selective-attention effects.
The experiment took place in the subject's hospital room. Lighting and noise were reduced as much as possible during recording. The EEG was recorded from 32 or 64 electrodes simultaneously, filtered with a bandpass of 0.1-100 Hz, and digitized at 170-250 Hz. Codes indicating the onset and the type of each stimulus were incorporated into the data stream for off-line analysis. Reference and ground electrodes were placed on surface locations, typically the mastoid. Electrodes exhibiting abnormal seizure-related activity were excluded from the sites chosen for recording. It was not necessary to apply artefact rejection procedures. Common artefacts which occur in scalp recordings, such as those which result from eye blinks or muscle contraction, do not impose problems in intracranial recordings.
Subjects were seated upright in an adjustable bed and viewed the monitor, which was placed perpendicular to their gaze. They were instructed to read silently for comprehension either the red (the 'attend-red condition') or the green (the 'attend-green condition') text. Subjects had at least one practice block with the task. A minimum of four experimental blocks followed, two in each experimental condition. Each block lasted 5-7 min. At the conclusion of each block subjects answered multiple-choice questions about the relevant text. The questions were text-specific and could not have been answered from general knowledge.
Subjects often participated in other visual tasks which involved coloured stimuli or words. Seven subjects also participated in an anomalous-sentence task, in which sentences that either ended normally or with a semantically anomalous word were viewed one word at a time (Kutas and Hillyard, 1980; Nobre and McCarthy, 1995) . Nine subjects participated in a colour-adaptation task (Allison et al., 1993) in which red and blue chequerboards were presented successively as pairs, in either repeated or non-repeated fashion.
Electrode placement and localization
This report focuses on recordings made from subdural electrodes (2.2 mm diameter and 1.0 cm inter-electrode distance) over the posterior part of the inferior temporal lobe in the 19 subjects. The recording sites considered were a subset of the total sites available, and included only electrodes located posteriorly to the posterior commissure line and overlying the inferior occipital, lingual, fusiform or inferior temporal gyri, as well as the intermediate sulci. In total, recordings from 135 sites were analysed: 76 over the left hemisphere and 59 over the right hemisphere. Strips of 8-12 stainless-steel electrodes were placed subdurally through burr holes in the skull during implant surgery. Grids placed following craniotomy contained a maximum of 64 electrodes in an 8 ϫ 8 matrix. Electrodes were localized in MR images obtained following implantation, and locations were translated into the standardized coordinate system of Talairach and Tournoux (1988) . Three-dimensional digital images of structural MRI data were used for electrode localization. The Talairach coordinates were computed automatically following identification of major landmarks in the MR images: the anterior and posterior commissures, and the most posterior, anterior, superior and inferior cortical points. The standardized and normalized Talairach space was used to characterize the electrode location along the y-axis (anteriorposterior). In the x-axis (medial-lateral) the use of Talairach coordinates would often lead to incorrect anatomical characterization due to individual variation in the configuration of gyri and sulci. Therefore, in the mediallateral dimension each electrode was located relative to major surrounding sulci. Coronal images and images reconstructed in the plane accompanying the course of the electrode strips were used for anatomical inspection. For example, an electrode located on the lateral fusiform gyrus, midway between the midfusiform sulcus and the occipitotemporal sulcus, is so depicted in the figures. Thus, even though a schematic brain is used for illustrative purposes, each location is anatomically correct. Electrodes were placed bilaterally in nine subjects, in the left hemisphere only in six, and in the right hemisphere only in four.
Results

Behavioural performance
Subjects exhibited a high degree of comprehension of the relevant (attended) texts. The score averaged 90% and ranged between 67 and 100%. It was not possible to query the subjects' comprehension of the irrelevant texts systematically, since this would have altered the 'ignore' condition we were attempting to impose. During debriefing following the experiment, however, subjects indicated ignorance of the contents of the irrelevant text.
The efficacy of this selective attention condition has been validated in studies of normal volunteers, in whom it was possible to do more extensive experimentation and to use standardized texts and scoring procedures. In such studies comprehension scores were significantly higher when subjects focused attention on one text compared with when attention was divided across both texts simultaneously (Nobre, 1993) .
Modulation of focal field potentials in the inferior temporal lobe
Focal effects of selective attention were observed consistently on ERPs elicited by words recorded from the posterior portion of the fusiform gyrus. Figure 2 shows characteristic effects recorded from five subjects. The waveforms are shown in Fig. 2A . In one case two waveforms are presented from one subject (waveforms 1 and 2). Recordings from the four word conditions in the experiment are shown in each case. Solid waveforms represent ERPs elicited by words that were attended, while dashed waveforms were elicited by ignored words. Black and grey waveforms represent ERPs elicited by red and green words respectively. In all cases, the selective attention effect was largely independent of word colour. The waveforms diverged as a function of whether the text was attended or ignored. The onset of the attention effect was typically late (400-500 ms). Words that appeared in the ignored text elicited waveforms characterized by a large negative-going deflection between 350 and 800 ms (closed arrows), whereas attended words remained more positive during the later portion of the waveform.
Most waveforms elicited a pronounced earlier sharp negative potential peaking around 150 ms (N200, open arrows). However, the selective-attention effect was also recorded from locations adjacent to the maximal N200 peak. Note that the late attention effect is similar at sites 1 and 2 despite considerable differences in earlier ERPs at these sites. However, in no case have we recorded a clear attention effect in the absence of earlier ERPs evoked by words. The N200 was not consistently affected by selective attention.
The electrode locations for the five subjects are shown on a schematic brain in Fig. 2B . The Talairach coordinate was used to display the electrode along the y-axis (anteriorposterior) of the brain. However, the correct anatomical location of the electrodes relative to the major gyri and sulci in the medial-lateral dimension was preserved, by locating the electrode locations on coronal MRI sections (Fig. 2C) . All of the electrodes in this case were located on the fusiform gyrus.
Fifteen of the 19 subjects had electrodes over the posterior fusiform gyrus or occipitotemporal sulcus. Of these, fourteen exhibited ERPs that were modulated by attention. The proportion of effects obtained in the other anatomical locations sampled was much lower. Table 1 summarizes the distribution of the attentional effects observed. ERPs were always compared across stimuli with identical physical characteristics. Attention effects were defined as a clear deviation between ERPs elicited by attended and ignored words that was consistent across colours. The attention effect was therefore independent of physical differences between stimuli, and the two colours served as a within-subject replication. These attention effects were not subtle, and separate scoring by two of the investigators (A.C.N. and G.McC.) was completely convergent.
Focal ERPs and their modulation by attention were recorded in both hemispheres. ERPs modulated by attention were obtained in 10 of 11 subjects with posterior fusiform electrodes on the left hemisphere, and in seven of eight subjects with posterior fusiform electrodes on the right hemisphere. Figure 3 illustrates the focal nature of the selectiveattention effect in one additional subject. The main effect can be seen at electrode 2, located on the posterolateral fusiform gyrus. Electrode 1, located on the inferior occipital gyrus, also recorded a large ERP, but the magnitude of the attention effect was greatly attenuated. Electrode 3, located on the posterior part of the inferior temporal gyrus, recorded a much smaller ERP and a smaller attention effect. The selective attention effect at electrode 2 was similar to the examples in Fig. 2 . The effect was independent of word colour. In the cases of red texts (Fig. 3B ) and green texts (Fig. 3C) , the waveforms differed according to whether the text was attended or ignored. The onset of the attention effect was relatively late (400-500 ms), occurring after the positive potential peaking around 250 ms (P250, asterisk). Words that appeared in the ignored text elicited waveforms characterized by a large negative-going deflection between 350 and 800 ms (closed arrowheads), whereas words that appeared in the attended text elicited waveforms characterized by less negativity or a positivity. The pronounced earlier negative potential peaking around 150 ms (N200, open arrowheads) was not affected by selective attention. Figure 4 shows examples of attention effects recorded from both hemispheres of an additional subject. As in Figs 2 and 3, the effect was independent of colour. The attention effect was centred in the posterior fusiform gyrus (Fig. 4B) . Proportion of attention effects by the total recording sites in different regions of the posterior inferior temporal lobe. Results are summarized by the number of subjects containing electrodes at the relevant location, and by the total number of recordings made across subjects from each anatomical region. Both the fraction and the percentage of positive findings are presented. Because some effects were very focal, the proportion of effects calculated with respect to the total recording sites is generally lower than the proportions calculated with respect to subjects. Electrodes overlying sulci are included with the region medial to it (i.e. the lingual gyrus region includes electrodes on the collateral sulcus and the fusiform gyrus region includes electrodes on the occipitotemporal sulcus as well as on the mid-fusiform sulcus).
Location 3 in the right hemisphere ( Fig. 4A ) and locations 2 and 5 of the left hemisphere (Fig. 4C ) registered the largest effects (closed arrowheads). The effect had a relatively late onset, about 500 ms, and did not modulate the earlier N200 (open arrowheads) and P250 (asterisks) potentials. Attention induced changes in waveform morphology that were similar to those in Figs 2 and 3. Attended words elicited ERPs that remained positive during the later part of the waveform, while ignored words evoked a large negative deflection.
Polarity inversion of ERP attention effects within the fusiform gyrus
The change in polarity of potential from the region of negative current sinks to the region of positive current sources is referred to as a polarity inversion (reviewed by Allison et al., 1986) . Polarity inversions combined with a steep voltage gradient indicate proximity to the active tissue. A polarity inversion from the surface cortex to the underlying white matter is indicative of a local generator in that region of cortex, while a polarity inversion recorded across a sulcus locates the active tissue to cortex within the sulcus (e.g. Allison et al., 1991) . In these recordings we sometimes observed polarity inversions of the late negative ERP evoked in the ignore condition. An example is shown in Fig. 5 . This recording was made in a subject who had a grid of electrodes on the fusiform and inferior temporal gyri. From the lateral portion of the fusiform gyrus (locations 2, 4 and 7) the typical broad negativity was evoked in the ignore condition (closed arrows). This negativity inverted in polarity to a positivity at electrodes 3 and 6, located in the medial fusiform gyrus (open arrowheads). The inversion is best seen in the difference waveform shown in Fig. 5C , and primarily occurred between locations in the medial and lateral fusiform gyrus. Figure 6 summarizes similar polarity inversions of the ignore condition ERP in all additional cases in which it was observed. In most cases the polarity inversion occurred between electrodes on either side of the occipitotemporal sulcus, or between electrodes on either side of a sulcus separating the medial and lateral parts of the fusiform gyrus (the midfusiform sulcus). The filled black symbols denote electrodes at which attended words elicited more positive ERPs than ignored words (as in Figs 2-4) . Non-filled symbols are electrodes at which the opposite pattern was observed: ERPs elicited by ignored words were more positive. As before, the effects were invariant with respect to word colour. Lines connect electrode locations showing the reversals within individual subjects. Data from one subject, who was studied on two separate occasions (1 year apart), are shown using circles instead of squares.
Relationship of colour processing to the attention effect
Nine of the 19 subjects studied also participated in a study of visual areas sensitive to colour (Allison et al., 1993) . Colour-sensitive potentials were recorded in seven of these subjects, and were located over the posterior part of the lingual and fusiform gyri, usually medial to sites exhibiting large attention effects. At these locations, colour affected the shape of the ERP elicited by red and green words. ERPs recorded at colour-sensitive locations did not exhibit the large ignore-condition negativity. Attention effects were occasionally observed, but were small and not always reliable across colours.
Relationship of word-related processing to the attention effect
Seven subjects also participated in tasks investigating word processing in sentences. Focal attention effects were observed in all seven cases. Overall, there was good correspondence between the shape of the ERPs in the present task and in the other word tasks. Waveforms often contained prominent negative potentials, similar to the previously described letter string-specific N200 and late negative deflections. It was not possible to confirm that the N200s were letter string-specific for this subset of subjects, however, because they did not partake in a sufficient number of other 
Fig. 6
Summary of polarity inversions of the ignore-condition ERP in all additional cases in which it was observed (n ϭ 8). The filled black symbols denote electrodes at which attended words elicited more positive ERPs than ignored words. Non-filled symbols are electrodes at which the opposite pattern was observed: ERPs elicited by ignored words were the more positive. The effects were invariant with respect to word colour. Lines connect electrode locations showing the reversals within individual subjects. Data from one subject, who was studied on two separate occasions 1 year apart, are shown using circles instead of squares.
visual recognition tasks. When present, N200 potentials were not systematically modulated by attention, and were not affected by the semantic content or context of words in other word tasks. The latency and duration of the negative deflections were similar across tasks despite large differences in stimulus onset asynchrony, suggesting that the time-course of the ERPs was not determined by the onset of the following stimulus. The later portions of the waveform showed no systematic effects of word content or context in the other word or sentence tasks.
Discussion
The present study has demonstrated that neuronal activity within specialized regions of the extrastriate visual cortex can be altered by selective attention independent of the physical attributes of the stimulus. Attention is therefore capable of affecting visual processing not only across visual areas but also within cortical areas that are specialized for processing particular attributes. Identical physical stimuli received differential processing within these visual regions as a function of their task relevance. These findings support and extend the results from previous neuroimaging and neurophysiological studies of selective attention. The differential activation between areas of the extrastriate cortex has been seen when subjects selectively attended to colour, form or speed of motion (Corbetta et al., 1990 (Corbetta et al., , 1991 . The direct demonstration of attention effects within extrastriate regions supports the interpretations from related scalp ERP experiments. The earliest effects of visual spatial selective attention in tasks using simple stimuli have been ascribed to modulation of visual extrastriate regions (Mangun and Hillyard, 1991; Mangun,1995) . These conclusions were strengthened by dipole localization of the ERP effects and coregistration with PET results (Heinze et al., 1994; Woldorff et al., 1996) . The present study also indicated that modulation of visual processing within extrastriate regions can occur in the absence of any spatial cues. To date, ERP effects of selective attention to non-spatial features have been contingent upon prior selection of spatial location (e.g. Harter and Guido, 1980; Harter and Aine, 1984; Hillyard and Munte, 1984; Kenemans et al., 1993; Anllo-Vento, 1995) .
Local generation of the selective-attention effect
The evidence suggests that the potentials recorded from the inferior temporal lobe, and their modulation by attention, were locally generated in the posterior half of the fusiform gyrus and surrounding sulci. First, these potentials were quite focal and exhibited steep voltage gradients. Secondly, the polarity of the late attention effect sometimes changed across pairs of electrodes, with one or both electrodes situated in the posterior fusiform gyrus. Polarity reversals coupled with steep voltage gradients are generally taken as evidence for local generation of neuronal activity (e.g. Schlag, 1973; Creutzfeldt, 1974 ; reviewed by Allison et al., 1986) . In the case of active cortex situated within a sulcus, the polarity inversion occurs from one side of the sulcus to the other. A well-studied example occurs in the hand area of the somatosensory cortex in monkeys and humans (Allison et al., 1989 . Analogous recordings were obtained in this study (Figs 5 and 6) , and suggest active cortex within the occipitotemporal sulcus or within the midfusiform sulcus. In addition, when the recordings were made from the posterior fusiform without crossing a sulcus, polarity inversions were not seen. Rather, the attention effect was seen as a relative positivity in the 500-800 ms latency range (e.g. Figs 2-4) . This is consistent with active generators in the surface cortex of the fusiform gyrus, as well as along sulci. Thus these recordings strongly suggest that the attention effect occurs primarily in the surface cortex of the fusiform gyrus or in the cortex within the midfusiform or occipitotemporal sulci.
Functional specialization of visual areas modulated by attention
The results suggest that the attention effect occurred primarily in the parts of the fusiform gyrus specialized for processing words rather than colours. The functional specialization of the cortex most strongly modulated by attention could not be inferred from the present study alone. However, the data are most consistent with the interpretation that these regions were equivalent or adjacent to regions that respond preferentially to letter strings . The largest ERPs and attention effects were recorded from the same area where letter string N200s were described previously-the posterior fusiform gyrus. Waveforms often contained an early negative potential, and focal potentials were also elicited by words in other tasks. Neither the shape of the ERPs nor their modulation by attention was affected by word colour. In a subset of subjects recordings were taken from sites where colour-specific potentials were identified. At these sites the ERPs varied according to word colour, and attention effects were smaller and less consistent.
The attention experiment was carried out before we began testing face-specific processing sites in the fusiform gyrus systematically (Allison et al., 1994a, b) , hence the relationship between word-attention and possible face-attention sites is unknown. However, as a rule, letter string N200 sites are somewhat medial to face N200 sites (Allison et al., 1994a . It is possible that face and word attention effects may show some anatomical segregation related to the segregation of earlier perceptual processing of these stimulus categories.
Top-down modulation of extrastriate cortex by attention
The late onset of the attention effect, presumably after most colour and word-form processing is completed, suggests topdown modulation of visual processing in a letter string processing region. The attention effects in the present task occurred several hundred milliseconds after the letter string N200s . While letter string potentials typically peaked around 150-200 ms, the attention effects started around 350 ms and peaked later. Visual processing linked to the N200, presumably related to word form, had probably been concluded at the onset of the selectiveattention effect.
Two types of information were available that distinguished relevant and irrelevant stimuli in the task: colour and language-related cues. Colour was the only distinguishing physical feature. Other visual features, such as word form, did not differ across attention conditions. Other than colour, only higher-order constraints related to language were available, such as semantic priming and syntactic constraints.
Top-down modulation of extrastriate processing of letter strings is the most parsimonious description of the selectiveattention effect. Higher-order language constraints may have contributed to extrastriate modulation, either directly or indirectly through communication with brain regions in an executive attention system (Mesulam, 1990; Posner and Raichle, 1994) . Colour information may also have contributed to the modulation of visual processing in colour-insensitive extrastriate regions. In order to assess the relative contributions of colour and language-related information, further studies would be required in which each dimension is manipulated in turn. Such manipulations have been carried out using scalp recordings. Both colour and language-related information modified the scalp selective-attention effect (Nobre, 1993) . Intracranial studies will be required, however, to assess the effect on specific extrastriate regions.
It is difficult to know what such late differential activity could contribute toward selection of word reading. Some possibilities include the integration of word meaning with the ongoing context of the relevant story (or inhibition of integration of processing linked to irrelevant stimuli), signals related to working memory of the relevant text which serve to prime visual areas for differential treatment of subsequent stimuli, or internal rehearsal strategies. It is tempting to interpret the large negative deflection evoked by ignored words as an active filtering process. However, the polarity of a potential does not specify whether the underlying neuronal process is inhibitory or excitatory (Allison et al., 1986) . In addition, terminal words during the anomalous sentence task, which were presumably attended, also exhibited large negative deflections. The alternative interpretation is just as likely: that the processing of attended words is enhanced and is reflected electrophysiologically by an increased positive ERP. Finally, filtering of irrelevant stimuli and enhancement of relevant stimuli are not mutually exclusive.
Lateralization of the selective-attention effect
No strong evidence of hemispheric lateralization was obtained for the attention effect. Focal ERPs and attention effects were observed in the left and right hemispheres with similar probability and magnitude. Polarity inversions were observed more frequently in the left hemisphere (six out of eight cases), but the significance of this finding is uncertain. Attention effects upon visual areas specialized for processing letter strings might have been expected to show stronger lefthemisphere lateralization. However, intracranial ERPs linked to letter strings have been recorded bilaterally and did not exhibit consistent lateralization . Interpreting lateralization of intracranial ERP studies in general is problematic because electrode placement is often asymmetrical, and functional reorganization cannot be ruled out in patients. Lateralization of word-specific processing and attention would be better investigated with methods that enable more symmetrical sampling. Scalp recordings of wordspecific potentials Breyer and Nobre, 1996) and fMRI studies have shown stronger left lateralization of word processing in the extrastriate cortex.
